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Composite decorative article. 



A multilayer decorative article having in order an ink- 
receptive vinyl film layer, a plasticizer barrier layer, and a 
pressure-sensitive adhesive layer, the adhesive layer being 
adapted to maintain adhesion to highly piasticized vinyl subs- 
trates, and the intermediate barrier layer being capable of pre- 
venting plasticizer from migrating from the vinyl substrate into the 
vinyl film outer layer. 
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Description 
COMPOSITE DECORATIVE ARTICLE 

Technical Field 

This invention relates to a composite sheet material 
5 particularly suited as a decorative film for application to 
highly plasticized polyvinyl chloride substrates. 

Highly plasticized vinyl substrates have found 
extensive use for interior surfaces such as wall coverings 
and exterior surfaces such as vinyl coated canvas employed 

10 as the covering for soft sided trucks. These vinyl 

substrates contain as much as 25-75 parts of monomeric 
plasticizer, usually dioctylphthalate , to 100 parts of 
vinyl resin. Decoration of vinyl coated canvas is 
currently done by hand painting or air brushing screen 

15 printing inks. Vinyl wall coverings are decorated by 

removing the area of wall covering on which another color 
is desired and replacing it with another piece of wall 
covering of the desired color. Such decorative techniques 
for vinyl substrates are costly and inefficient. To date, 

20 prefabricated graphics in the form of pressure sensitive 

adhesive-backed vinyl film bearing screen-printed graphics, 
such as are conventionally used for vehicular markings, 
have not been adapted for decorating such highly 
plasticized vinyl substrates due to the wrinkling of the 

25 vinyl film and loss of adhesion to the vinyl substrate. 
The problems are believed attributable, at least in part, 
to. the migration of monomeric plasticizers from the vinyl 
substrate into the vinyl film and adhesive. 

Background Art 
30 The problem of plasticizer migration has been 

previously recognized. United States Patent 4,284,681 
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discloses a composite material having a highly plasticized 
polyvinyl chloride layer and a fibrous backing layer and an 
intermediate plasticizer barrier layer such as a poly- 
ure thane resin. The barrier layer directly contacts the 
polyvinyl chloride layer. United States Patent 4 r 045 ,600 
discloses a process in which successive layers of a 
polyurethane resin are applied directly to a plasticized 
polyvinyl chloride substrate for the purpose of inhibiting 
plasticizer migration. 

The principle objective of the present invention is to 
provide a composite vinyl decorative film capable of 
maintaining adhesion and a wrinkle free surface when 
adhered to a highly plasticized polyvinyl chloride surface. 

Another object of this invention is to provide a vinyl 
decorative film having the foregoing properties which is 
receptive to conventional inks such as those employed in 
the screen printing industry. 

Disclosure of Invention 

These objectives, and others which will be apparent, 
20 are achieved by a composite decorative article comprising 

(1) a first layer comprising a polyvinyl chloride film, 

(2) a second layer of a plasticizer resistant, pressure 
sensitive adhesive comprising the reaction product of 
reactants comprising (a) acrylic acid and/or methacrylic 

25 acid and/or acrylamide and/or methacrylamide , (b) an 

alky lacry late and/or alky Imethacry late, and (c) at least 
one additional ethylenically unsaturated monomer, and (3) a 
third, migratable plasticizer barrier layer between said 
first and second layers. 

30 Brief Description of Drawing 

Reference is made to the accompanying drawing, a 
greatly enlarged section view of the article of the 
invention, in which numeral 10, denotes the decorative 
composite article applied to a vinyl substrate 14 

35 containing plasticizers , particularly monomeric materials 
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such as dioctylphthalate , which tend to migrate from the 
substrate body to the surface 18. Decorative article 10 
includes a vinyl film layer 22, an intermediate plasticizer 
barrier layer 26 , and plasticizer resistant pressure- 
sensitive adhesive layer 30. To protect the adhesive prior 
to use, a release liner is provided which is removed prior 
to affixing the article 10 to vinyl substrate 14. 

Vinyl film layer 22 preferably exhibits flexibility, 
exterior durability, acceptable handling and application 
characteristics, and receptivity to commonly used screen 
printing inks. A typical formulation of the vinyl film 
includes polyvinyl chloride resin, light and/or heat 
stabilizers, plasticizers and pigment. The amount of 
plasticizer is generally less than 40% by weight, and is 
preferably composed of polymeric, non-migratable 
plasticizers which are compatible with the vinyl film and 
provide the necessary durability. 

Vinyl films having a thickness between about 0.7 and 
about 5.0 mils (0.02 mm and 0.13 mm) perform acceptably, 
although a thickness between about 1.0 and 2.0 mils 
(0.02 mm and 0,05 mm) is preferred. The vinyl film may be 
fabricated by any conventional means including casting, 
extruding and calendering. Films thinner than 0.7 mil (.02 
mm) are difficult to produce and generally do not provide 

the necessary opacity, handling, application and durability 
characteristics. 

The intermediate plasticizer barrier layer, which 
generally and preferably is in contact with one or both of 
the vinyl film and pressure sensitive adhesive layers, 
inhibits plasticizer migration into the vinyl film outer 
layer and resultant damage thereto. In addition, the 
ba.rrier layer imparts other beneficial characteristics to 
the composite such as flexibility, good adhesion between 
the vinyl film and adhesive layer, and resistance to 
chemical cleaners such as soaps, lower alcohols, and screen 
printing inks/solvents. In applications where the 
composite article is subjected to frequent cleaning or 
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water exposure, water soluble materials used as barrier 
layers would not be expected to perform satisfactorily 
unless they wer rendered insoluble in the final composite. 
In those instances in which the intermediate layer is 
solvent coated on the vinyl , the solvent must be compatible 
with r i.e., not deleteriously affect/ the vinyl film. 

The preferred intermediate barrier layer is an 
aliphatic polyurethane resin f Desmolac 4125, available from 
Mobay Chemical Co. Desmolac 4125 is a reaction product of 
a cycloaliphatic isocyanate with a polyester resin and is 
supplied in a 20% by weight solids solution in isopropanol 
and toluene. This material is coated to yield a dry 
thickness of 0.013 mm. Drying of the urethane resin 
solution is carried out for five to ten minutes at 
temperatures of from 66° C to 111° C. 

The adequacy of a particular intermediate barrier 
layer may be determined by the following test. All parts 
and percentages expressed throughout are by weight unless 
otherwise stated. The test involves coating the polymer 
solution at a dry thickness of approximately 0.5 mils 
(0.013 mm) on a 1.1 mil (0.028 mm) vinyl film followed by 
lamination to a plasticizer resistant pressure sensitive 
adhesive (the adhesive of Example 1) at a coating weight of 
approximately 11.0 grains per 24 in. 2 (0.713 grams/154.8 
cm. 2 ). The performance of this film composite is evaluated 
by applying these films to a highly plasticized polyvinyl 
chloride substrate, i.e., 67 parts of dioctylphthalate 
plasticizer per 100 parts of vinyl resin. The film samples 
are then aged in an oven for one week at 66° C. The films 
which do not delaminate or wrinkle upon accelerated aging 
are said to perform acceptably, and the intermediate layer 
is. said to act as an acceptable plasticizer barrier. 

The adhesive employed in the present invention is 
pressure sensitive and resistant to damage from, i.e. 
tolerant to, vinyl plasticizer . which migrates from the 
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vinyl substrate to the vinyl substrate/adhesive interface 
or into the adhesive matrix. The adhesive must provide 
adequate adhesion between the decorative composite and the 
plasticized substrate* To evaluate adhesives the 
individual samples are cast at coating weights of 8-11 
grains per 24 in 2 (0.5 grams - 0.8 grams per 154.8 cm 2 ) 
dried and laminated to the urethane-vinyl film combination 
to prepare the final composite. The composites are then 
tested according to ASTM D-1000 to determine adhesion 
values initially and after aging for one week at 66° C. on 
highly plasticized vinyl substrates. In general, those 
films which maintain 3.0 lbs. /in. (0.54 kg. /cm) adhesion 
after aging for 7 days at 66°C per the test and do not 
wrinkle under test conditions constitute acceptable 
plasticizer resistant adhesives. 

Adhesives found to perform acceptably are pressure 
sensitive adhesives comprising polymers of acrylic and/or 
methacrylic acid and/or acrylamide and/or methacrylamide 
(preferably present in amounts from about 1.0% to about 
10.0% by weight) f an alkylacrylate and/or alky lmethacry late 
in which the alkyl group preferably has at least 4 carbon 
atoms (preferably present in amounts from about 35.0% to 
about 85.0% by weight), and a further ethylenically 
unsaturated monomer, such as N-vinyl pyrrolidone, methyl 
acrylate, or vinyl acetate. The preferred quantities of 
the latter monomers are about 5.0-15.0%, 15.0-50.0%, and 
20.0-50.0% by weight, respectively. 

A specific adhesive composition found suitable in the 
practice of this invention is a terpolymer made from 52.2 
parts n-butylacrylate, 37.5 parts methyl aery late, and 10 
parts of acrylic acid. For economy this adhesive may be 
prepared at a low inherent viscosity and crosslinked with 
either an epoxy resin, a melamine resin, or a bisamide 
crosslinking agent. Another adhesive found suitable in the 
practice of this invention is a linear terpolymer con- 
sisting of 56.0 parts of isooctylacrylate , 40.0 parts of 
vinyl acetate and 4.0 parts of acrylic acid. The most 
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preferred adhesive is a terpolymer prepared from 85,0 parts 
of n-butylacrylate or methylbutylacry late f 10.0 parts of 
N-vinyl pyrrolidone and 5.0 parts of acrylic acid. This 
adhesive may be crosslinked with either a melamine resin or 
5 by using benzophenone in the presence of UV light.' More 
information on this type of crosslinking may be found in 
United States Patent 4,303,485. Preferably the 
benzophenone photocross linker is added at a concentration 
of 0.5% by weight of adhesive solids and irradiated by UV 
10 light at a dose rate of 2.3 joules per centimeter squared. 
The proper balance between adhesion and film shrinkage is 
produced if the adhesive is present at a dry coating weight 
of 9-13 grains, preferably 11 grains per 24 in 2 (.583 - 
.842 grams, preferably .713 grams , per 154.8 cm 2 ). 

15 TEST METHODS 

ADHESION: 

180° pullback adhesions are run according to ASTM D-1000, 
Method B, with an Instron tester to determine the adhesion 
of film applied to a vinyl substrate. This substrate, used 

20 in all described tests , is a polyester scrim which has been 
coated on both sides with a plastisol containing approx- 
imately 56% polyvinyl chloride resin, 37% dioctylphthalate 
and 7% pigment and then fused. The total thickness of the 
test substrate is 21 mils (53 cm). The adhesion tests are 

25 conducted on specimens (1) applied for 24 hours at room 

temperature (Unaged-UA) (2) applied for one week at 66° C. 
(Aged on Panel-AOP) and (3) aged one week at 66° C. and 
then applied for 24 hours (Aged on Liner-AOL) . 

APPEARANCE : 

30 Appearance studies are done by- applying a 13 cm x 13 cm 

swatch of composite article to a 15 cm x 15 cm piece of 

vinyl substrate. (Both the unaged and aged on liner films 
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are evaluated). These samples are then aged one week at 
66° C. Wrinkling or severe edge shrinkage denotes poor 
results . 

FLEXING: 

Flexibility of the film is evaluated by applying 15 cm x 
15 cm swatch of composite article (both the unaged and aged 
on liner films are evaluated) to a 18 cm x 18 cm piece of 
the vinyl substrate and flexing the sample 2000 cycles at 
22° C. and -17.8° C. 

AGING; 

Samples are aged by placing them in a 66° C. recirculating 
air oven for one week. 

INHERENT VISCOSITY ( I .V. ) ; 

Inherent viscosities are determined , according to the 
method found on page 49 of "Preparative Methods of Polymer 
Chemistry by W. R. Sorenson and T. W. Campbell published 
by Interscience Publishers, New York (1968). 

ADHESIVE PREPARATION: 



To a flask equipped with an efficient stirrer, nitrogen 
inlet tube r and reflux condenser , there are charged 100 
grams of a solvent and 100 grams of a monomer blend. The 
flask is then heated to 55° C. if the solvent is acetone or 
72° C. if the solvent is ethyl acetate and allowed to stir. 
The polymerization initiator, either alpha, alpha-azodi- 
(isobutyronitrile) or benzoyl peroxide, is then added to 
the solution. The reaction is allowed to continue until 
monomer conversion is approximately 95% as measured by gas 
chromotography. Periodic additions of solvent and/or 
initiator are made during the course of the reaction if 



necessary. The following examples will further illustrate 
the present invention. 



EXAMPLE 1 



A titanium dioxide pigmented/ polymeric plasticized 
polyvinyl chloride film of a thickness of 1.0 mils 
(.0254 mm) is placed in contact with a paper carrier web. 
The intermediate barrier coat is next applied. Desmolac 
4125 from Mobay Chemical Company is coated through a 
conventional knife coater at a 4.0 mil (.102 mm) wet 
coating thickness and dried in a 66° C recirculating air 
oven for 9 minutes to give a dry urethane film layer of 0.5 
mils (.0127 mm) in thickness. The total film thickness of 
this sample,, including the vinyl film and the urethane 
coating, is now 1.50 mils (.038 mm). 

A release liner is used for the adhesive coating operation. 
The release liner may be any of the conventional release 
liners employed for pressure sensitive adhesive products. 
Preferred liner materials are clay coated papers which have 
been suitably coated with a silicone release agent. Poly- 
olefin or polyethylene blends which have been coated with a 
silicone release agent may also be used. 

To a 35% solids solution of a pressure sensitive adhesive 
prepared from 85.0 parts of n-butylacrylate, 10.0 parts 
N-vinyl pyrrolidone and 5.0 parts acrylic acid are added 
0.5% benzophenone based on solids. The benzophenone 
containing adhesive is then coated on conventional knife 
coating equipment and dried at 66° C. for ten minutes to 
yield an adhesive having a coating weight of 11.0 grains 
per 24 in 2 (.713 grams/154.8 cm 2 ). The adhesive is then 
exposed to UV light at a dose rate of 2.3 joules/cm 2 to 
give a crosslinked product. 

The adhesive is laminated to the film sample with the 
polyurethane surface next to the adhesive and the vinyl 
film side exposed. The performance of this material is 
evaluated. First a 13 cm x 13 cm sample is laminated to 
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the test substrate. The sample is then heat aged at 66° C. 
for 1 week in a recirculating air oven to determine dge 
shrinkage and appearance of the film after aging* 
This test is done to simulate the decorative film 
5 performance after it has been applied to the plasticized 
substrate for several years. The film did not wrinkle or 
show any edge shrinkage. 

The adhesion of the decorative film composite to the 
test substrate is determined next. As described under test 
methods, the unaged adhesion (UA) , the aged on panel (AOP) , 
and aged on liner adhesion (AOL) were 4.5 lbs/inch (.803 
kg/cm) , 4.2 lbs/inch (.752 kg/cm), 4.0 lbs/inch, (.713 
kg/ cm) t respectively. 

The flexibility of the decorative film on the test 
substrate is next determined by subjecting the film to the 
above described flexing test. No cracking of the vinyl 
layer or composite article was seen in either case. 

EXAMPLES 2-7 

The decorative articles in Examples 2-7 are prepared 
2 0 as in Example 1, except other intermediate layers are 

substituted for the intermediate layer of Example 1. Test 
results for these articles are shown in the Table I. 
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EXAMPLES 8-10 



Decorative composites are prepared as in Example 1 
except that the adhesive is substituted by the adhesives 
described in Examples 8-10. The coating of these adhesives 
is conducted in a similar manner as in Example 1. Testing 
is carried out as in Example 1 and the data is shown in 
Table II. No wrinkling or edge shrinkage is seen after 
these films were aged on a plasticized substrate at 66° C. 
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EXAKPLE 11 



0103407 



This example is identical to Example 1 except the 

* 

intermediate layer has been eliminated. This film wrinkled 
severely when applied to the plasticized substrate and aged 
5 for one week at 66° C. 



EXAMPLE 12 



This example is the same as example 11 except that the 
vinyl film thickness is 2.0 mils (,050 mm). This film 
wrinkled severely when applied to the test substrate and 
10 aged for one week at 66° C. 



EXAMPLE 13 

The combined vinyl film and polyurethane barrier layer 
as described in Example 1 is laminated to an adhesive made 
from 90 parts of isooctylacrylate and 10 parts of acrylic 

15 acid. When tested as described under test methods, the 
unaged adhesion (UA) , aged on panel adhesion (AOP), and 
aged on liner adhesion (AOL) values were found to be 3.2 
lbs/inch (.57 kg/cm), 1.3 lbs/inch (.23 kg/cm) , and 2.6 
lbs/inch (.97 kg/cm), respectively. The aged samples 

20 lacked the requisite adhesion. 



409,496 EPO/WNK 
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CLAIMS 

1. A composite decorative article 10 adapted 
for adherence to a vinyl substrate 14 containing 
migratable plasticizer, including a polyvinyl chloride 
layer 22 and an adhesive layer 30 for bonding the 
5 decorative article to such vinyl substrate, character- 

ized in that said adhesive layer 30 is a plasticizer 
resistant, pressure-sensitive adhesive comprising 
the reaction product of reactants comprising (a) 
acrylic acid and/or methacrylic and/or acrylamide, 
and/or methacrylamide, (b) an alky lacry late and/or 
alkylmethacrylate, and (c) at least one additional 
ethylenically unsaturated monomer, and between said 
polyvinyl chloride film layer 22 and said adhesive 
layer 30 is a third layer 26 adapated to inhibit 
15 migration of vinyl plasticizer s through said third 

layer, said compositive decorative article 10 being 
wrinkle resistant and said adhesive being capable 
of providing an adherent bond to said vinyl substrate 
14* 

20 2- The article of claim 1 wherein said additional 

ethylenically unsaturated monomer is at least one 
member selected from the class consisting of N-vinyl 
pyrrolidone, methyl aery late, and vinyl acetate. 

3. The article of claim 1 wherein said inter- 
25 mediate layer 26 comprises a polyurethane resin. 

4. The article of claim 1 wherein said inter- 
mediate layer 26 is in contact with said polyvinyl 
chloride layer 22 and adhesive layer 30. 

5. The article of claim 1 wherein said plasticizer 
30 resistant, pressure-sensitive adhesive comprises 

the reaction product of (a) n-butylacrylate r (b) 
acrylic acid, and (c) N-vinyl pyrrolidone. 

6. The article of claim 5 wherein n-butylacrylate 
is present to the extent of about 85 parts by weight, 

the acrylic acid is present to the cxtoni; of abouL 5 parts 
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and the N-vinyl pyrrolidone is present to the extent of 
about 10 parts by weight. 

7. The article of claim 1 wherein said acrylic and/or 
methacrylic acid and/or acrylamide and/or methacrylamide 
is present to the extent of about 1% to about 10% by 
weight, said alkylacrylate and/or alkylmethacrylate 

is present to the extent of about 35% to about 85% 
by weight, and the balance is said ethylenically 
unsaturated monomer. 

8. The article of claim 1 wherein said adherent bond 
of said adhesive to said vinyl substrate 14 has a value 
of at least about 3 pounds/inch after bonding and aging 

7 days at 66°C. per ASTM Test, Part B. 

9. A method for marking a vinyl substrate having migratable 
plasticizers associated therewith, said method comprising bonding 

to said substrate a composite decorative article comprising an outer 
layer of polyvinyl chloride film, an intennediate layer comprising 
a polyurethane resin or a vinyl resin, and an underlying layer of a 
plasticizer resistant pressure-sensitive adhesive comprising the 
reaction product of reactants comprising (a) acrylic acid and/or 
methacrylic acid and/or acrylamide, and/or methacrylamide (b) an 
alkylacrylate and/or alkylmethacrylate, and (c) at least one 
additional ethylenically unsaturated monomer, said bonding being 
between said substrate and said adhesive. 
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